Abstract One of the traditional livelihood practices of indigenous Tagbanuas in Palawan, Philippines is wild honey hunting and gathering from the giant honey bee (Apis dorsata F.). In order to analyze the linkages of the social and ecological systems involved in this indigenous practice, we conducted spatial, quantitative, and qualitative analyses on field data gathered through mapping of global positioning system coordinates, community surveys, and key informant interviews. We found that only 24% of the 251 local community members surveyed could correctly identify the giant honey bee. Inferential statistics showed that a lower level of formal education strongly correlates with correct identification of the giant honey bee. Spatial analysis revealed that mean NDVI of sampled nesting tree areas has dropped from 0.61 in the year 1988 to 0.41 in 2015. However, those who correctly identified the giant honey bee lived in areas with high vegetation cover. Decreasing vegetation cover limits the presence of wild honey bees and this may also be limiting direct experience of the community with wild honey bees. However, with causality yet to be established, we recommend conducting further studies to concretely model feedbacks between ecological changes and local knowledge.
INTRODUCTION
Indigenous community forests exemplify complex systems of people and nature. Through their traditional livelihoods, indigenous forest communities directly depend on and interact with forests, which provide benefits to people through their multiple ecosystem services. When threats of deforestation became widespread worldwide, the protected area approach became a reflex response by conservationists. Operating from a protectionist argument, forest protected areas without any human activity were seen to have a higher probability of conservation success compared to areas that also involve community development and participation (Wilshusen et al. 2002) . Apart from raising issues of forced eviction of forest peoples, the protected area approach also led to a dilemma pitting conservation against human development especially in community forests (UNGA 2016). However, an alternative approach suggests that conservation efforts may also be successful in the presence of human occupants by marketing non-timber forest products (NTFPs) (Carter et al. 2012) ; this has been seen as a strategy to simultaneously achieve both livelihood and conservation goals in forest communities, which is the aim of integrated conservation and development projects (ICDPs) (Garnett et al. 2007 ). As research interest on NTFPs rapidly grew during the 1990s, non-government organizations (NGOs) and multilateral agencies also quickly established programs to support commercialization of NTFPs (Sills et al. 2011) . Initial enthusiasm over this strategy eventually waned due to its seemingly limited conservation and development gains, but NTFPs continued to be used for subsistence and local or regional trading (Shanley et al. 2015) . Despite a number of studies on NTFPs in the past two decades, basic research is still needed on the ecology, use, and management of NTFPs as Electronic supplementary material The online version of this article (https://doi.org/10.1007/s13280-018-1038-7) contains supplementary material, which is available to authorized users.
well as on their production, policies, trade, and cultural importance (Sills et al. 2011; Shanley et al. 2015) .
Harvesting of NTFPs for local and household needs is frequently non-destructive, but for commercial purposes, it can go in any direction (Shackleton et al. 2011) . Ultimately, commercial exploitation of NTFPs needs to prove its sustainability by showing that livelihood improvement can go hand-in-hand with improved natural resource management and biodiversity conservation (Shackleton et al. 2011 ). This remains a very important question, as the largest net forest loss worldwide is associated with increasing rural populations, who are still lagging behind in the race against extreme poverty (FAO 2016; IFAD 2016) . Given these prevailing trends in deforestation and poverty, we aimed to study the dynamics of an indigenous community in the Philippines and their forests prior to the transitioning of their wild honey hunting and gathering from a subsistence practice into its current commercial endeavor. This transition has been facilitated by a regional NGO called Non-Timber Forest Products Exchange Programme (NTFP-EP) Asia, which supports a network of indigenous peoples all over South and Southeast Asia in creating CFEs as ICDPs. Together with a local NGO in Palawan, United Tribes of Palawan (NATRIPAL), NTFP-EP in the Philippines has engaged the Association of Indigenous Tagbanua of Sagpangan (SAKTAS) in creating a wild honey enterprise and instituting sustainable harvesting techniques such as sole removal of honey portion of honeycombs, with eggs and larvae left intact. The direct dependence of indigenous Tagbanuas on their community forest highlights the need to keep their local ecosystem productive and able to provide ecosystem services essential for the community's livelihoods. This challenge has given rise to several new approaches and types of science; an example is sustainability science, which is at the forefront of understanding the interactions between nature and society (Gibbons et al. 1994; Funtowicz et al. 1999; Kates et al. 2001; Biggs et al. 2015) . In order to understand these nature-society interactions in the Tagbanua indigenous community forest, we pursued three objectives in our research: first is to assess the current knowledge and practices of both honey hunter-gatherer and non-honey hunter-gatherer members of the community on the giant honey bee; second is to identify changes in vegetation cover in areas where the giant honey bee are hunted; and third is to evaluate the socio-demographic factors shaping local knowledge on giant honey bees.
Our paper makes use of a social-ecological systems (SES) perspective from Ostrom's (2009) sustainability framework to facilitate better understanding of the linkages between the indigenous Tagbanua, their traditional practice of wild honey hunting and gathering, and the market economy they currently participate in. In Ostrom's (2009) framework, these correspond to subsystems, which are generally separable but interact to produce outcomes and feedback. Understanding the dynamics of the wild beehuman system becomes increasingly important as interactions between the Tagbanuas and their ecosystems increase in scale, scope, and intensity (Fischer et al. 2015) . We analyze these dynamics through qualitative and quantitative methods, which we present in the following methodology section. The results section enumerates our findings, and the discussion section deliberates on the interaction of social and ecological factors in the community. In the conclusion section, we highlight the complexity of SES and how feedbacks play an important role in the conservation the wild bee-human system.
MATERIALS AND METHODS
Following the framework of Berkes and Folke (2002) on linkage of ecosystem and local management, we applied both qualitative and quantitative approaches on the social and ecological factors of the Tagbanua-wild bee system. These were implemented through field and desktop research. Before the field research could commence, administrative requirements such as permits were addressed alongside a health and security check and ethical clearance from the research institute (Matias et al. 2017 ). The field research component was conducted from June 2014-2015 in Sagpangan, an indigenous Tagbanua village settlement in Aborlan, Palawan, Philippines with a population of 1608 individuals (Philippine Statistics Authority 2016). The field research component was conducted within the honey flow season, i.e., the time period when giant honey bees produce honey, which is between the months of January to June and coincides with the dry season. Consultations with different community members in the form of focus group discussions were conducted before and after data gathering from the field. The initial consultation presented the objectives of the research, while the exit consultation presented a summary of the results obtained from the field research. Both consultations made use of visual aids on Manila paper.
To address objective one, in-depth key informant interviews were conducted with 20 wild honey huntergatherers and with eight staff members and workers from NTFP-EP Philippines and NATRIPAL regarding wild honey hunting and gathering and its enterprise. In addition, a survey questionnaire was used to ascertain the wild honey bee knowledge and practices of the Tagbanua community, interviewing 251 non-honey hunter-gatherers who are head of households. The sample size of 251 for the survey questionnaire was chosen through a power analysis to allow a margin of error of 5% at the confidence level of 90%. An area cluster sampling technique was employed in five local settlements in the village, namely Sitio Yayabu, Sitio Katuwang-tuwangan, Sitio Maringit, Sitio Ibato, and Purok Parang. The survey was administered by a community member who graduated with a bachelor's degree in agriculture. Both in-depth interviews and survey questionnaire methods included an exercise where photos of all nine known honey bees summarized in the book of Koeniger et al. (2010) were shown to respondents and they were asked to identify the common names of the species. The local common names were crosschecked with the scientific names through a consultation with an entomologist who worked in the area. The in-depth interviews were conducted prior to the community survey in order to identify the important areas of knowledge in the wild honey enterprise that should be included in the survey questionnaire. The preliminary survey questionnaire was adjusted to include questions on ecological and cultural sustainability of the wild honey enterprise. Global positioning system (GPS) coordinates of giant honey bee nests were taken by the wild honey hunter-gatherers during their wild honey hunting and gathering trips.
To fulfill objective two, Landsat 4-5 TM and Landsat 8 ORI/TIRS images of Aborlan, Palawan taken during the dry season between the months of January to June in the years 1988, 1998, 2004, and 2015 were downloaded from the United States Geological Survey EarthExplorer website. We selected relatively cloud-free satellite images of Palawan province, which are 5-10 years apart in order to see any changes in vegetation cover. Information on the images can be found in Appendix S1. The images were analyzed through QGIS 2.16 for their normalized difference vegetation index (NDVI) through the following equation:
NIR stands for near infrared; Landsat 4-5 TM images have band 4 as NIR and band 3 as Red while Landsat 8 ORI/TIRS images have band 5 as NIR and band 4 as Red. NDVI is the most common measurement of the density of plant growth over the entire globe (Weier and Herring 2000) . NDVI values of 0.1 and below correspond to barren areas such as rock, sand, and snow; moderate NDVI values of 0.2-0.3 represent shrub and grassland; and high NDVI values of 0.6-0.8 indicate temperate and tropical rainforests (Weier and Herring 2000) . The community forest area only has evergreen trees, which have less obvious annual changes in photosynthetic capacity due to green tissue being present all year round and new shoots only account for a part of the green biomass (Defries and Townshend 1994; Jönsson et al. 2010) . Results of the NDVI were analyzed along with the GPS coordinates of wild honey bee nests and interview participant community households through the point sampling tool plugin in QGIS 2.16.
Data from the in-depth key informant interviews were analyzed through coding using QDA Miner Lite and Microsoft Excel. The survey questionnaires were coded based on the multistep knowledge development process (Table 1) , which was first proposed by Hirsch-Hadorn et al. (2006) and further refined by other researchers (Jerneck et al. 2011; Brandt et al. 2013; Partelow and Winkler 2016) . This process generates system knowledge, target knowledge, and transformation knowledge. System knowledge refers to the current state of the system, target knowledge refers to future perspectives for the system, and transformation knowledge refers to practical implications that can change existing practices (Brandt et al. 2013) .
Descriptive statistics on results of the survey questionnaires were run through R version 3.3.1 and inferential statistics were performed through Stata 14.2. We conducted Chi-squared (v 2 ) and Fisher's exact tests to determine which categorical system knowledge variables on Table 1 were significantly correlated with a correct identification of at least one honey bee species. We then conducted a logistic regression including age and residence years (continuous variables) in addition to the categorical variables. After confirming the variable strongly correlated with correct identification of bees, we verified the results by looking at the variance inflation factor (VIF) of the predictor variables and thereafter running a logistic regression excluding the variables with strong collinearity, i.e., a VIF[10.00 (Marquardt 1970; Hair et al. 1995) . The variables with strong collinearity are (1) role in household, (2) age, and (3) marital status. To test the robustness of these data, we performed bootstrapping at 1000 and 10 000 replications with seed one, two, three, four, and five. We sought to understand which group of respondents (indigenous, mixed ethnicity, non-indigenous) were associated with the predictor variable by conducting a v 2 test between the predictor variable and the ethnicity of the respondents. We also wanted to understand whether the different levels of vegetation cover are correlated with the correct identification of honey bees by the non-honey hunter-gatherer members of the Tagbanua community. To do this, a v 2 test was conducted for data collected in the year 2015. We classified the NDVI values to low (0.127-0.209) and high (0.210-0.554) vegetation cover based on the USGS (2015) definition and conducted the v 2 test with the identification of bees. We also conducted a repeated-measures ANOVA and mixed-effects linear regression to determine whether the difference of NDVI values was statistically significant. The mixed-effects linear regression has the advantage of retaining subjects with missing time points and estimating additional residual covariance structures compared to a repeated-measures ANOVA (Lazic 2010; Mitchell 2015) .
RESULTS
The qualitative and quantitative approaches used yielded information regarding local knowledge and practices on wild honey bees, their products, and their target and supporting matrix. Additionally, these approaches also provided information on institutions and external interventions. All this information contributed in forming a picture of the social and ecological connections and feedbacks within the system of giant honey bee and indigenous wild honey hunter-gatherers.
The majority of the respondents (73%) were female of Tagbanua ethnicity (76%) and more than half (58%) have low levels of formal education. Half of the respondents (51%) are aged between 31 and 50 years. More than half (59%) of those interviewed do not have any honey huntergatherers in their immediate family.
Local knowledge on wild honey bees
Out of the 251 non-honey hunter-gatherers surveyed in the community, only 72 respondents or 29% were able to identify at least one of all the existing honey bees. Conversely, all of the 20 wild honey hunter-gatherers interviewed could correctly identify the giant honey bee. Of the 72 non-honey hunter-gatherers who positively identified at least one honey bee species, 85% correctly identified the giant honey bee, while only 15% were able to identify the Eastern honey bee. Only five respondents (2%) were able to correctly identify both species and all, except for one respondent, were of Tagbanua ethnicity. The other respondents who were only able to identify one species were mostly Tagbanuas (55%). The others had mixed ethnicity or were non-indigenous (45%). Most of those who answered correctly (58%) had a low level of formal education, i.e., no formal education at all or only reached elementary level education. The others had either a medium level of formal education, i.e., having reached high school or vocational level (31%) or a high level of formal education, i.e., having some college education (10%).
In determining which of the system knowledge variables was significantly correlated with a correct identification of at least one honey bee species, results of our v 2 and Fisher's exact tests show that the level of formal education was negatively correlated at a = 0.01 with correct identification of bees (Table 2 ). The logistic regression conducted with the continuous variables (age and residence years) confirmed that the level of formal education negatively predicts the likelihood of a correct identification of at least one honey bee species at a = 0.05 at p = 0.024 (Table 3) . By running a logistic regression excluding the predictor variables role in household, age, and marital status (i.e., with VIF[10.00), we confirmed that the level of formal education strongly correlates negatively with correct identification of bees (a = 0.01) at p = 0.012 (Table 4) . To test the robustness of level of formal education as predictor of correct identification of bees, we performed bootstrapping at 1000 (Table 5 ) and 10 000 replications with seed one, two, three, four, and five. Both bootstrapping operations remained highly significant (a = 0.05) at p = 0.005, showing that the level of formal education as predictor of correct identification of honey bees is not datadependent and would hold true in replications of this study. The odds ratio shows that for every unit increase in formal education, the log odds of correctly identifying either and both Asian and giant honey bee species is 0.46.
A v 2 test conducted between the ethnicity of the respondents and their level formal education shows a highly significant result p = 0.00 (rounded to three significant digits) that most (159) respondents of Tagbanua ethnicity are associated with low levels of formal education, while 42 non-indigenous or mixed ethnicity respondents are associated with higher levels of formal education.
Natural resource characteristics and use practices
The natural resources involved in the wild bee-human system are the community forest and land with the wild bee nesting trees, nectar sources, and products. We calculated the NDVI in the forest area where nesting trees are found and in the land area where non-honey hunter-gatherer respondents of our interview survey in 2015 live. These residential areas have an NDVI of 0.127-0.554 with a mean value of 0.378 (Year 2015 on Table S2 ), while the areas where nesting trees were found have an NDVI of 0.156-0.539 with a mean value of 0.409 (Year 2015 on Table S3 ). The mean NDVI of nesting trees and residential areas do not differ significantly. Analyzing the correlation between these different levels of vegetation cover with the correct identification of honey bees by the non-honey hunter-gatherer members of the Tagbanua community through a v 2 test returned results that approaches but fails to achieve conventional significance levels (a = 0.10) p = 0.127. The results, however, show that 94% of the respondents who correctly identified the giant honey bee live in an area with high vegetation cover (Table 6) . Results from the in-depth interviews show that honey hunters-gatherers adopt the sustainable harvesting technique of only taking the honey part of honeycombs and leaving the eggs and larvae intact because it allows the hive to regenerate and produce honey within 2 weeks. This allows the honey hunter-gatherers to harvest a second round of honey for selling.
We also calculated the NDVI values from relatively cloud-free Landsat 4-5 TM images of June 1988 , January 1998 , and February 2004 (Fig. 1) (Table S4) show a statistically significant decrease of vegetation within community households throughout the years. This is consistent with the results of the mixed-effects linear regression (Table S5) for community households and nesting tree areas. Note, however, that these results are only indicative and would benefit from further analysis since the images, despite representing the same season, were chosen based on its low cloud cover; hence, the images were taken from different months within the dry honey flow season and may not be as accurate as paying for high-quality satellite images taken from the same month or date for an NDVI time series analysis.
DISCUSSION

Social-ecological connectivity and local knowledge
The giant honey bees and the indigenous Tagbanuas have a mutual interaction in their SES, showing connectivity, which is not limited to the spatial landscape but also includes the web of connections involving the different parts of the system (Dakos et al. 2015) . The statistically significant relationship between correct identification of giant honey bees and level of education show how both ecological and social components play a role in shaping local knowledge. While there are no data on the state of local knowledge on wild honey bees in the past, establishing the current state of local knowledge is important because it is used by societies in converting natural into human-made capital (Berkes and Folke 2002) . As an information-intensive endeavor, managing ecosystem services and human well-being relies on knowledge of the SES Millennium Ecosystem Assessment 2005) . One way of ensuring the availability of ''best knowledge'' is by promoting the integration of technical knowledge with indigenous, local, or traditional knowledge (e.g., Ballard et al. 2008; Molina and Neef 2016) . Caution should be exercised in taking local knowledge as dogma or equating indigenous or traditional knowledge to local knowledge, since this has less time depth and is generated through observations of the recent local environment (Berkes and Folke 2002) . Indigenous or traditional 2018, 47:924-934 knowledge is often defined as, ''holistic, functional, and adaptive'' to changes in social and natural environment, and survives thousands of generations (Rist and DahdouhGuebas 2006) . Local knowledge, therefore, may not be as useful, for example, in extreme events under a changing climate if such changes have not yet been experienced before. Local or traditional knowledge is also incorporated in institutional learning on resource use, which is essentially memory of experience (Berkes and Folke 2002) . Our results of correct identification of bees based on level of education and, to a certain extent, vegetation within community households probably point to direct experience with bees playing a major role in shaping local knowledge and, consequently, institutional learning. Literature has shown that the acquisition of local knowledge follows complex pathways through a mixture of hands-on experience, interactions, and direct observations (Reyes-García 2013).
Our results can only confirm the correlation between correct identification of giant honey bees and a low level of formal education. However, our results are consistent with the body of literature that establish formal education as one of the main causes for the loss of local knowledge, since time spent in school is time detracted from acquiring local knowledge (Sternberg 1997; Sternberg et al. 2001; Quinlan and Quinlan 2007; Reyes-García 2013) .
Knowledge renewal through learning in socialecological systems
Because of the complexity of SES, knowledge of its system is always partial and incomplete thereby requiring continual renewal as the system it represents changes (Cundill et al. 2015) . This renewal has often been recommended in the form of learning, which is lexically defined as an activity or process of gaining knowledge or skill through studying, practicing, being taught, or experiencing something (Merriam-Webster 2016) . Learning can, therefore, be actively sought (i.e., studying or practicing) or passively acquired (i.e., being taught or experiencing something).
The wild honey hunter-gatherers actively learned from a network of indigenous honey hunter-gatherers how to sustainably harvest wild honey. The adoption of this sustainable practice seems to be primarily motivated by economic benefits rather than by depletion crisis or ecological understanding (Berkes and Turner 2006) . The ecological knowledge of honey hunter-gatherers provided them with the information that leaving the brood (i.e., eggs and larvae of giant honey bees) can regenerate the bee hive and provide a second round of honey harvest, but traditional practice dictates that they take the whole honeycomb and eat the larvae thereafter. Analyzed through the loop learning approach introduced by Argyris and Schön (1974) with subsequent revisions by other researchers (e.g., Flood and Romm 1996) , the wild honey hunter-gatherers have reached single-loop learning, which comprises a change in skills, practices, or actions to meet set goals (Cundill et al. 2015) . Double-loop learning results in fundamental changes in behavior, one which is yet to happen since wild honey hunter-gatherers continue to take the whole honeycomb (Rogers et al. 2013) . Doing so destroys the brood and food stores and kills young bees, adult bees, and even drones and the queen, essentially decreasing the rate of survival of colonies (Joshi and Gurung 2005; Oldroyd and Nanork 2009 ). Triple-loop learning is when thinking ventures into a higher order context that challenges premises and entire frames of reference (Rogers et al. 2013) . Progressing to double-or triple-loop learning would require a combination of active and passive learning, which should also be extended to non-honey hunter-gatherer community members who may also play a significant role in resource and environmental management (Gadgil et al. 2003) .
Local knowledge and indigeneity
One of our results shows a highly significant correlation between indigenous ethnicity and low level of education. Coupled with a lack of culturally appropriate education, decreasing vegetation cover may also amplify the lack of knowledge on wild honey bees. The results show that 94% of the respondents who correctly identified the giant honey bee live in an area with high vegetation cover. This is consistent with the open nesting characteristic of giant honey bees, which cannot be domesticated in enclosed spaces such as the Langstroth box used in beekeeping (Crane 1999; Oldroyd and Wongsiri 2006; Koeniger et al. 2010) . Similar to the case of locals living in the Nacimiento watershed in Spain (Iniesta-Arandia et al. 2014), we found that decreasing vegetation cover limits the presence of wild honey bees, thereby also limiting the opportunities for non-honey hunter-gatherers members to interact with the bees or experience wild honey hunting and gathering. This interferes with the development of local knowledge through direct experience, with options for learning confined to either studying or being taught about wild honey bees (Davis and Ruddle 2010; Iniesta-Arandia et al. 2014) . 
CONCLUSION
Indigenous wild honey hunting and gathering as an ICDP shows the complexity of the social-ecological system of forest communities. Managing the ecosystem services from the giant honey bee requires knowledge not only of the honey bee itself but also its habitat. Our results show that there is a low level of non-honey hunter-gatherer local knowledge on the giant honey bee and correct identification of the giant honey bee is correlated with a low level of formal education. NDVI values from our spatial analysis of community households and wild honey bee nesting tree areas show that there is a significant decrease of vegetation from 1988 up to 2015. Decreasing vegetation cover limits the presence of wild honey bees and this may also be limiting direct experience of the community with wild honey bees. However, with causality yet to be established, we recommend conducting further studies to concretely model feedbacks between ecological changes and local knowledge, if any.
